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ABSTRACT 
 Strong levels of motivation, relatedness and self-determination support the 
likeliness of participating in habitual exercise. Compared to nationwide estimates, 
research has demonstrated fitness and performance is significantly lower among those 
suffering from PTSD. Meeting established recommended daily levels of physical activity 
(PA) for individuals with PTSD is critical for their physical and mental health status over 
a lifetime and factors supporting or hindering adherence to habitual exercise are lacking. 
Furthermore, regular PA among combat Veterans with Posttraumatic Stress Disorder 
(PTSD) is a viable and substantial treatment option to improve physical health status and 
cognitive well-being.  The purpose of this exploratory analysis was to uncover 
relationships between objectively measured PA and the severity of PTSD symptomology, 
as established by DSM-V, among trauma-exposed combat Veterans.  Methods: PA 
among a group of combat Veterans (n=10) was monitored for a period of 7-days 
concurrent to inventories of symptom severity, motives for participation in PA and 
posttraumatic growth (PTG). Results: Subjects reporting greater symptom severity and 
currently taking medication demonstrated inferior outcome results versus their 
counterparts. Conclusion: This was the first study, to our knowledge, to objectively 
explore PA among Veterans with PTSD.  Mixed results suggest moderation of PTG and 
motives for PA on outcomes for those with PTSD. Activity monitoring in outpatient 
Veterans with PTSD is feasible. Future studies are warranted.  
  
	 vi 
PREFACE 
 Since the power to create resides in each and everyone one of us, maybe focus 
should be directed toward individuals who persevere in their creativity despite the 
numerous barriers we encounter in society. This would give us a better understanding of 
resilient behavior and allow us to expedite progress and change we need to see in people, 
organizations and societies that hinder creativity or waste talent.  
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CHAPTER 1 
 
INTRODUCTION AND AIMS 
 
The National Comorbidity Survey estimates approximately 7% of Americans can 
expected to experience at least one traumatic event during a lifespan, roughly 8 million of 
which will develop a heterogeneous condition known as PTSD [1]. The highest rates of 
PTSD are seen among women and are increasingly observed at higher rates among 
military service members due to combat exposure with estimates greater among Vietnam 
Veterans. The Diagnostic and Statistical Manual for Mental Disorders-fifth edition 
(DSM-V) has set forth the distinct addition of cluster symptoms that allows this proposed 
study to also satisfy calls for research into specific behavioral criteria of a four-cluster 
model of PTSD and determinants of long-term exercise maintenance [2]. Now considered 
a growing epidemic, recent evidence supports a heritable component of trauma-exposure 
demonstrating the complexity of PTSD [3,4]. Illuminating relationships between symptoms 
of PTSD and regular PA may support theories implicating heterogeneous psychiatric 
conditions and mood disturbances as challenges that negatively impact regular PA [5,6]. 
Therefore, this study aimed for the following:  1) To collect objective and meaningful 
data concurrent to PTSD symptomology, as outlined by the DSM-V, among outpatient 
trauma-exposed combat Veterans, 2) To identify potential determinants of long-term 
maintenance of exercise or inactivity among this high interest population, and 3) To 
develop and apply reproducible practices for objectively assessing PA among populations 
with PTSD. 
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CHAPTER 2 
REVIEW OF LITERATURE 
2.1 PTSD, SYMPTOMOLOGY AND EXERCISE 
 The current Diagnostic and Statistical Manual of Mental Disorders (DSM-V) 
recognizes PTSD by four clusters of symptoms that adversely disrupt important areas of 
function due to a previous physical or psychological exposure to trauma or series of 
traumatic experiences. The four clusters include avoidance, persistence of negative 
moods and distorted cognitions, re-experiencing, and arousal symptomology, which 
distinguish key psychological and physiological behaviors exhibited by individuals with 
PTSD [7]. These behaviors guide interest to the neurobiological disruptions associated 
with fear circuitry, abnormal associative learning and maladaptive stress responses. 
Avoidance is a behavior in which people, places, conversations feelings or thoughts 
associated with a traumatic event is avoided. Persistent and distorted cognitions and 
negative emotions encompass symptoms related to diminished motivated behavior, 
exaggerated negative self-expectations or significant disinterest in activities such as 
social interaction. The arousal cluster of symptoms seeks aggressive or self-destructive 
behaviors, hyper-vigilance and sleep disturbances. Intrusions refer to the persistent and 
disruptive events that are specifically related to the exposure of the trauma. Re-
experiencing also support sleep disturbances through distressing and recurrent dreams. 
Flashbacks, imagery, thoughts and/or perceptions are common and can be associated with 
persistent re-experiencing, or a form of reliving a traumatic episode [8,9,10]. 
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 The clusters of symptomology identified in PTSD characterize maladaptive 
neurobiology, still largely unknown, that involve learning, extinction, levels of arousal 
and marked sensitization of the hypothalamic-pituitary axis in response to stressors [11]. 
These symptoms also identify areas that are subject to highly favorable adaptations with 
regular exercise among healthy and clinical populations [12,13,14] but are scarce among 
individuals with PTSD. The generalizability of findings demonstrating exercise as a 
viable treatment for PTSD have limitations, primarily due to variance among sample 
populations studied (i.e., inpatient, mostly women, trauma type) [15,16,17]. Those who 
suffer from PTSD are characterized as having poor health status and do not participate in 
sufficient levels of PA [16, 17, 18] but exercise does bring about reductions in PTSD and 
depressive symptomology [19]. Reductions in PTSD and depressive symptoms, in addition 
to health benefits associated with acute bouts of exercise, are short-lived and have been 
seen to reescalate in severity with physical inactivity [15, 19].  
 Regular exercise can be characterized as engaging in volitional and habitual PA 
for at least 30-minutes a day, 5-days a week equal to or above 3.3 METS of energy 
expenditure [20]. Furthermore, a period greater than six months is the final criteria that 
constitute an individual as achieving long-term exercise maintenance status so long as 
they remain in this phase [21]. Anything short of this timeframe is considered to be the 
initiation of habitual exercise and therefore not the primary challenge the U.S. has seen 
regarding lifestyle behavior or adherence to exercise interventions [22]. For consistency 
purposes, the term regular exercise will be align with criteria defined by the American 
College of Sports Medicine (ACSM) as well as the 2008 Physical Activity Guidelines 
defining the level of PA that elicits significant health benefits.  In terms of improving 
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cardiorespiratory fitness with exercise prescription, the ASCM provides specific guidance 
on best practices for developing programs, framed by effective methods and theoretical 
models of behavior to facilitate adherence to exercise programs [23, 24,25]. To further 
support these evidence-based guidelines, the multi-organizational initiative headed by the 
ACSM, Exercise is Medicine (EIM), actively encourages and supports policy and 
programs that reduce physical inactivity and sedentary behavior [26]. Despite the wealth of 
new knowledge and persistent efforts to increase nationwide PA levels, more than half of 
adults in the U.S. still do not meet recommendations for adequate levels PA [19, 27, 28]. 
Regular exercise remains an unequivocal form of preventative and rehabilitative 
treatment that greatly reduces the development of risks tied to metabolic syndrome, 
cardiovascular disease, cancer and cognitive decline and should be objectively quantified 
[29, 30, 31]. Thus, illuminating the relationship between PTSD symptomology and regular 
PA could provide value for interventions that support exercise adoption and maintenance. 
 2.2 DETERMINANTS OF EXERCISE MAINTENANCE 
 Exercise programs not only assess an individual’s motivations and current life 
circumstances but also aim to address key determinants of exercise adoption and 
maintenance (e.g., social/environmental relatedness or support, self-efficacy and self-
monitoring) [32, 33]. Individualized theory-based cognitive-behavioral interventions are 
used to support such determinants in order to enhance adoption, but most importantly, 
adherence to long-term volitional exercise that meets recommended levels as described 
above. One of several commonly used approaches for exercise adoption and adherence is 
Social Cognitive Theory (SCT). This model equally monitors the individual, their habits 
and behaviors, as well as their physical, social and cultural environment [22, 34]. An 
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appreciation for these factors generally motivates intentions, driving the energy for 
action, thereby directing an individual’s future behavior. Although an individual’s 
intrinsic motivation can encourage regular exercise habits, this alone is not sustainable. 
Self-regulatory strategies become essential for exercise adoption and maintenance 
therefore requiring an individual to regularly display skills like planning and organizing, 
while maintaining autonomy [35, 36, 37].  
 Central to several applied theories of behavior, is self-efficacy, which is 
considered to be one of the strongest predictors of adopting and maintaining regular 
exercise. Self-efficacy describes an individual’s belief in his or her own capacity to reach 
a desired goal. Lacking self-efficacy contributes to stress, increases in physical and 
emotional arousal as well as depression [38]. People with greater exercise self-efficacy are 
most likely to engage in regular exercise, largely by the use of self-regulatory strategies 
such as goal setting, self-monitoring, and problem solving to enhance motivation [39]. 
Those who can maintain a high level of self-efficacy are likely to be more resilient to 
obstacles or inexperience allowing them to persevere on to a lifestyle that includes 
regular exercise [34, 40]. Therefore, characterizing cognitive-behaviors that influence these 
well-established determinants of long-term exercise maintenance may offer predictive 
value for favorable changes to self-regulatory strategies, health behaviors and beliefs to 
improve the likelihood of long-term volitional exercise.  
 Additionally, an individual’s beliefs regarding the benefits of avoiding exercising 
or their susceptibility to illness are fundamental to a theory known as the Health Belief 
Model [41]. These beliefs are suggested to provide some insight into a person’s readiness 
to act based on health concerns.  There are increased concerns with older populations that 
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lack of social support and social isolation can be detrimental to long-term exercise 
maintenance [42, 43]. The risk of injury or worsening of current co-morbid conditions is 
also a significant belief, not only influencing self-efficacy but also diminishing 
autonomy. Habitual exercise can be seen among those with prior experience or within 
structured or supervised programs utilizing reinforcers or incentives [44]. Competency, 
social support and autonomy are significant theory-based components that emphasize a 
person’s psychosocial needs, which ultimately favors exercise adoption and maintenance. 
Studies continue to define the complexity of barriers attributed to exercise adherence, 
most of which undermine key determinants of long-term exercise adherence [36, 45, 46]. 
2.3 OBJECTIVE MEASUREMENT OF PHYSICAL ACTIVITY 
 One study has evaluated the use of accelerometers among participants with PTSD 
in an attempt to validate assessments of PA in this population. Findings suggest 
measuring levels of PA among inpatient trauma-exposed adults may be impractical due to 
poor compliance, citing incomplete data, dropouts and erroneously high levels of activity 
[17]. A recent finding has shown that cardiorespiratory fitness is a confounder when 
estimating PA levels [47]. The use of a wearable monitor yields better results for unfit 
groups because they tend to overestimate PA levels using the international physical 
activity questionnaire (IPAQ) in comparison to fit participants. Furthermore, health 
promotion efforts suggest walking cadence can lead to positive health outcomes but it is 
unclear whether achieving this discrete criterion is critical for reducing mortality[48]. 
Along with this, a significant oversight in estimating PA of varying intensities in healthy 
middle-aged to older adults may be attributed to initialization of actigraphy monitors to 
1-second epoch lengths versus longer and more commonly seen settings of 60-seconds 
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that are better suited for sedentary or inactive populations [49]. Previous literature 
indicates the SenseWear armband provides more accurate estimates of total daily energy 
expenditure (TDEE), light and moderate intensities as compared to other activity 
monitors [31]. Lastly, it is unclear how best practices for activity monitoring have been 
applied with this sample population, therefore special attention to these guidelines was 
considered. 
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CHAPTER 3 
EXPLORATORY ANALYSIS OF PTSD SEVERITY AND OBJECTIVE MEASURES OF 
PHYSICAL ACTIVITY AMONG COMBAT VETERANS 
3.1 RESEARCH QUESTION 
 The goal of this study was to examine associations between objective measures of 
PA and PTSD symptomology among outpatient trauma-exposed combat Veterans, as 
outlined by the DSM-V. Given the lack of research on correlates of PA and PTSD 
severity, this pilot study aimed to serve as a platform for further investigation into the 
behavior and underlying motives for exercise adherence or contradictory lifestyle 
behaviors. The second goal was to demonstrate feasibility of activity monitoring among 
those with PTSD. This study anticipated the advancement of three areas of interest 
surrounding mental illness and adherence to long-term exercise: 1) The collection of 
objective and meaningful data concurrent to symptom severity among a high interest 
population.  2) The identification and evaluation of potential correlates of long-term 
maintenance of exercise or inactivity among trauma-exposed combat Veterans. 3) The 
development and application of reproducible practices for objectively assessing PA 
among populations with psychiatric distress or illness. Each variable resides in 1 of 3 
descriptive categories: criterion for PTSD (qualitative), predictors of symptom severity 
(quantitative) and moderators (qualitative) that influence PA levels (i.e., posttraumatic 
growth, self-determination status). We hypothesized that PTSD severity would be 
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inversely related to most outcomes (e.g., step count, MVPA, sleep duration) in 
accordance with multiple prior studies [16, 19, 50]. MVPA among this sample was 
anticipated to be lower than healthy adult populations based on prior results regarding 
anxiety disorders and patients with SMI [51,52]. Moderating factors were hypothesized to 
explain some of the variance among positive associations between PTSD severity and 
measures of PA. The assumption is if positive levels of PA are observed among 
individuals showing severe PTSD, this may be an indication of elevated levels of intrinsic 
motivation. This perhaps, may also be driven by or at least correlated with levels of 
psychological growth experienced by individuals as a result of trauma-exposure. Lastly, 
we expected to observe significant issues related to compliance, as in prior research 
assessing PA in PTSD [17, 19].  
 It can be said that Veterans with PTSD have a set of past experiences that may be 
more conducive to positive psychological changes/growth than the rest of the population 
[53]. Previous research suggests at least half of U.S. Veterans, independent of PTSD 
status, experience moderate levels of posttraumatic growth (PTG) [10].  Because emotions 
thoughts and behaviors are interconnected, additional qualitative measures were 
administered with the intent of ultimately providing useful direction for the staging of 
interventions in larger scale studies and identify determinants of exercise adherence in 
this population.  
3.2 RESEARCH STRATEGY 
 Study Design. A mixed methods approach was adopted for this cross-sectional 
study in order to explore relationships between objective measures of physical activity 
and PTSD symptomology among trauma-exposed combat Veterans. Height (cm), body 
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weight (kg), demographics and diagnostic surveys were employed to classify general 
characteristics and patterns of behavior among participants. Physical activity was then 
objectively measured for a period of 7 days for evaluation. 
 Participant Characteristics. Study participants (n=10) were recruited from within 
the local community of Columbia, South Carolina from September 2015 to January 2016. 
Eligibility mirrored preceding studies examining populations with PTSD in conjunction 
with physical performance measures and was limited to men and women between the 
ages of 18-65 [16, 17, 54]. The University of South Carolina Internal Review Board 
approved the study. Written informed consent was acquired from each subject prior to 
data collection. 
 Assessments. In response to a recruitment flyers posted at William Jennings Bryan 
Dorn VA Medical Center and other locations throughout the local community. 
Volunteers were directed to an online pre-screening tool to establish participant eligibility 
prior to their initial visit. Participants then reported to the Arnold School of Public Health 
for orientation after meeting inclusion criteria. All subjects were required to have been 
deployed or part of combat operations. Exclusion criteria were any history of 
neurological disorders, cardiovascular disease to include the use of pacemakers, heart 
surgery or transplants, depression, alcohol or substance abuse/dependence, and current 
antipsychotic pharmacotherapy.  After acquiring written consent, demographic 
information and health history items were completed. Participants also self-reported their 
level of fitness rating ranging from ‘very poor’ to ‘regular physical activity for a period 
of 6 months or more’. This information was used to gauge if participants maintained pre-
study PA levels throughout the assessment period as directed.  Study-specific inventories 
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were administered in the order encountered in this report. All necessary items were 
reviewed and endorsed by a licensed psychiatrist.  
 The Neurobehavioral Symptom Inventory (NSI), a 10-question inventory, was 
administered to ensure volunteers who may have had existing concussive or traumatic 
brain injury symptoms were excluded from the study [55]. Other exclusion criteria 
included having a disease that limited PA.  
 The Psychometric Properties of PTSD Checklist For DSM-V (PCL-5) is a 20-item 
self-report measure of diagnostic symptomology for PTSD. Responses indicated the 
extent to which subjects had been bothered by PTSD symptom clusters within the past 
month. A PCL-5 severity score of 25 or greater was set to maximize detection of sub-
threshold or partial PTSD, in addition to full PTSD symptomology [56]. For the purpose of 
this study, scores greater than 25 reflected a condition worse than those without PTSD. 
All subjects were identified as having experienced at least one physically or emotionally 
traumatic-life event in connection with their past military deployments. A strong 
correlation exists between the PCL-5 and the Clinician-administered PTSD Scale, the 
gold standard for clinical diagnosis [8, 57].  
 The Posttraumatic Growth Inventory-Short Form (PTGI-SF) is a 10-item self-
report qualitative measure, validated to assess positive psychological changes as a result 
of traumatic experiences [58]. This inventory provides insight that may account for 
positive lifestyle changes or behaviors supporting exercise adherence despite potential 
contradictory scores on PCL-5. In a web-based survey involving more than two thousand 
US Veterans, approximately 75 percent of respondents who screened positive for PTSD, 
demonstrated at least moderate levels of posttraumatic growth (PTG) [10]. Veterans with 
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PTSD who demonstrated PTG in this study, also mentioned having improvements in 
mental clarity and well-being in comparison to those not indicating PTG. These findings 
may correlate with psychosocial factors such as personal strength, social connectedness 
and purpose in life, which are necessary components implicated in cognitive-behavioral 
paradigms that facilitate exercise adoption and maintenance. For the purpose of this 
study, only total score was used for correlation per recommendations [10] and a cut-off 
score of 20 indicated moderate levels of PTG. 
 The Physical Activity And Leisure Motivation Scale (PALMS) is a 40-item 
assessment made on a 5-point Likert scale. It examines a person’s level of intrinsic or 
extrinsic motivation for participating in PA and has been determined to be a valid and 
reliable application for research. The PALMS was developed to serve as a short form for 
the 73-item Recreational Exercise Motivation Measure. Each of the eight motivational 
sub-scales in the PALMS has implications underlying intent and behaviors related to 
exercise [59].  Each sub-scale of the PALMS has five items that align with motivational 
constructs of self-determination theory (SDT). Mastery and enjoyment sub-scales align 
with intrinsic motivation while the psychological condition, physical condition and 
appearance sub-scales align with shared intrinsic and extrinsic motives. The last three 
sub-scale items, expectations, affiliation and competition/ego are representative of 
extrinsic social motives.  
 Physical Activity. Participants were affixed with the SenseWear Armband (SWA) 
(BodyMedia Inc., Pittsburgh, PA, USA) for a period of 7-days to summarize a variety of 
distinct patterns in their motion, skin temperature, heat dissipation and galvanic skin 
responses to estimate total daily energy expenditure (TDEE) and PA levels. The armband 
	 13 
is worn on the posterior surface of the upper left extremity and records these data via a 
tri-axial accelerometer, electrical conductivity of the skin and an electronic thermometer. 
The SWA is a well-researched and validated method for assessing TDEE and exercise 
intensity [31, 60, 61]. Other outcome measures included were wear-time, sleep duration, step 
count, sedentary-time (≤ 1.5 METs) and moderate-to-vigorous physical activity (MVPA 
≥ 3.0 METS). A 10,000 steps/day threshold was used in our evaluation based on criteria 
that support brain health and adequate PA levels [62, 63]. Only one-prior study has 
evaluated the use of accelerometers among participants with PTSD in an attempt to 
validate self-reported PA assessments in this population [17]. Their findings suggest 
measuring PA levels among inpatient trauma-exposed adults may be impractical due to 
poor compliance, citing incomplete data, dropouts and erroneously high levels of activity. 
For this pilot study, each participant was provided clear instruction on armband usage and 
criteria for wear and non-wear time. Valid wear time was set to at least 7 consecutive 
days, including a weekend period, for ≥ 21 hours each day. Initialization, distribution, 
device tracking, epoch timing and reporting adhered to guidelines specific to the use of 
the SWA in recent studies involving healthy free-living adults [49, 61]. Efforts to enhance 
compliance to the study protocol followed all four strategies outlined by best practices set 
forth by recent literature regarding activity monitors in research [31, 64, 65].  SWA metadata 
was processed using the SenseWear Professional Software version 8.0 (algorithm v2.2.4). 
 Analytical Procedure. Statistical analyses were performed using SPSS (version 
22.0; IBM Corp., Armonk, NY, USA). Pearson product moment correlations and first and 
second-order partial correlations were performed among criterion, predictors and 
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covariates to demonstrate associations among variables. Statistical significance was set at 
p < .05 (one-sided) for all analyses. 
3.3 RESULTS 
 Participant Characteristics. Table 3.1 shows characteristics of combat Veterans 
that were a part of this study.  Mean age of the participants was 49 ± 12 years. The 
racial/ethnic make-up of this group was predominantly male (80%), female (20%). The 
average height and weight of the participants were 176 ± 11 cm and 95.5 ± 17.4 kg, 
respectively. The average subject BMI was 31 ± 6 for all subjects, classifying 70% of 
participants as obese. Prior to enrollment, only two participants self-reported as being 
‘physically inactive’ on most days of the week.  Self-rated PA levels were consistent with 
data retrieved from the SWA for all subjects. Only one participant in this study was 
retired. This participant was heavily active with volunteer work within the community. 
All other participants were employed or attending college. 
 Physical Activity. Outcomes of PA using the SWA were measured over a 7-day 
period, including a weekend, and are summarized in Table 3.2. Average wear time for 
this sample was remarkable. Approximately 22.9 hours per subject was collected from all 
participants, a 100% rate of compliance based on valid wear-time criteria.  Analyses 
involving measures taken during weekdays had nearly identical average wear time and 
compliance as weekends. Any missing metadata during transfer of SWA activity were 
interpolated using predictive mean matching for the 7-day period, which comprised 
6.04% of the data. The coefficient of variation (CV) was included for all outcomes of 
activity for an appropriate comparison. The SWA total and weekday activity revealed,  
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Table 3.1 Participant characteristics. 
 Total (n) 
Male 8 
Female 2 
Age (years) 49 ± 12 
Body Mass Index (BMI) 31 ± 6 
 Healthy (18.5 – 24.9) 3 
 Obese Class 1 (30.0 – 34.9) 3 
 Obese Class 2 (35.0 – 39.9)  4 
Education  
 < College degree 4 
 College degree 2 
 Graduate 4 
Employment  
 Student 3 
 Employed 6 
 Retired 1 
Self-rated Fitness Level  
 Physically Inactive 2 
 Occasionally active (≥ 30 min. of PA 3 days/week) 3 
 Regular PA for more than 6 months 5 
Medication  (SSRIs only) 3 
PA, Physical Activity; SSRI, Selective-Serotonin Reuptake Inhibitor; Age and BMI values are mean ± SD. 
 
Table 3.2 Average daily physical activity using the SWA under free-living conditions. 
 Total (n=10)  Weekdays  Weekends 
 Mean CV  Mean CV  Mean CV 
Wear time 1373 .04  1374 .05  1369 .08 
Sleep duration 380 .20  369 .24  405 .21 
Sedentary 903 .22  1011 .20  634 .41 
MVPA 95 .68  99 .64  85 .92 
Step count 7284 .46  7684 .40  6282 .78 
TDEE (kcal/day) 2962 .16  2980 .16  2916 .19 
Mean values given in minutes unless otherwise indicated; Total activity column collected Monday through 
Sunday; CV, Coefficient of Variation; SWA, SenseWear Armband; MVPA, Moderate-to-Vigorous 
Physical Activity; TDEE, Total Daily Energy Expenditure.  
 
nearly equivalent dispersion across all variables, despite increased variability on 
weekends.  As anticipated average sedentary time on weekdays was 16.9 hours (CV of 
20%) while average sedentary time on weekends was reduced to 10.6 hours (CV of 41%). 
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Differences in average daily step count for weekends and weekdays are most likely are 
attributed to higher variability among participants (CV of 78%) on weekends. Average 
MVPA was 1.6 hours (CV of 68%) for all 7 days and 1.4 hours (CV of 92%) during 
weekends. Average TDEE for all participants was similar on weekdays and weekends 
reaching 2980 kcal/day (CV of 16%) and 2916 kcal/day (CV of 19%), respectively.  No 
erroneously high values were observed among individual SWA activity.  
 Motives for Participation in PA. Prior to data collection, current self-report levels 
of PA and the PALMS scores were assessed. In Table 3.3, bivariate correlations between 
self-rated PA responses, the PALMS and each of the eight sub-scales were evaluated for 
any disagreement suggesting participants altered their exercise habits due to study 
participation. PALMS total score and self-rated responses correlated well with TDEE, 
sedentary-time and MVPA activity.  Subject responses for self-rated PA strongly 
correlated with TDEE (r = 0.80, p < .05), step count TDEE (r = 0.66, p < .05) and MVPA 
(r = 0.68, p < .05).  Examination of PALMS responses only indicated a significant 
association with MVPA (r = 0.65, p < .05), yet moderate associations were seen with 
TDEE (r = 0.49) and step count (r = .57). Additionally, MVPA was positively related to 
extrinsic mind-body motives, psychological condition (r = 0.67, p < .05) and physical 
condition (r = 0.81, p < .05), with similar strong associations with step count. Physical 
condition was strongly associated with TDEE (r = 0.74, p < .05) and moderately 
inversely related to sedentary time (r = -0.57, p < .08).  MVPA and step count strongly 
correlated with intrinsic motives (e.g., mastery, enjoyment) for participating in PA. These 
results specifically indicated significant associations between step count and enjoyment (r 
= 0.66, p < .05) and MVPA and mastery (r = 0.68, p < .05). As anticipated, a moderate 
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inverse relation between sedentary time and MVPA was also observed. Overall, extrinsic 
social motives (e.g., others’ expectations, competition/ego) were seen to have an inverse 
relation with positive outcomes associated with PA, but not with affiliation. The 
affiliation PALMS sub-scale was shown to have a moderate association with MVPA (r = 
0.53, p = .11).  Finally, step-count demonstrated significant associations with each of the 
extrinsic mind-body motives indicating physical condition and psychological well-being 
as motives for participating in walking among this sample.  PTSD Symptom Severity. All 
study participants were combat Veterans who self-reported as experiencing at least one 
previous traumatic event during a deployment, therefore each member was administered 
the PCL-5. Average PCL-5 score was 22 (range: 2-39). Table 3.4 summarizes PCL-5 
symptom severity and SWA activity using bivariate correlations. Second and third-order  
 
Table 3.3 Pearson product-moment correlations of self-rated PA, PALMS and measures 
of SWA activity. 
 
(n=10) TDEE  Sleep Duration  Sedentary Step Count  MVPA 
Self-rated PA .69*  .07  -.43 .66*  .76* 
PALMS         
 Total Score .49  -.01  -.41 .57  .69* 
 Mastery (µ) .43  -.01  -.34 .54  .68* 
 Enjoyment (µ) .41  -.25  -.58 .66*  .53 
 Psychological Condition (µ) .39  -.04  -.40 .75*  .67* 
 Physical Condition (µ) .68*  .21  -.46 .77*  .83* 
 Appearance (µ) .49  .21  -.20 .45  .60 
 Others’ Expectations  (µ) .10  .20  .18 -.38  -.22 
 Affiliation (µ) .12  -.24  -.22 .24  .47 
 Competition/Ego (µ) -.38  -.17  .11 -.63  -.37 
SWA, SenseWear Armband; TDEE, Total Daily Energy Expenditure; MVPA, Moderate-to-Vigorous 
Physical Activity; PALMS, Physical Activity and Leisure Motivation Scale 
*  p < 0.05  
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partial correlations were also performed to evaluate known covariates (i.e., body weight, 
gender) and medication status as a mediator, also seen in Table 3.4.Medication status 
appears to account for the relation between several criterion variables and measures of 
PA. Although not statistically significant, a moderate positive association was indicated 
between PCL-5 scores and TDEE (r = 0.54, p = .11), sleep duration (r = 0.39, p = .11) 
and MVPA (r = 0.55, p = .10) when controlling for medication status. Intrusions 
symptomology (cluster B) demonstrated an identical association with TDEE (r = 0.56, p 
= .08) and MVPA (r = 0.50, p = .14) while adjusting for medication status. A moderate 
inverse association was observed between avoidance symptomology (cluster C) and 
TDEE variability (r = 0.43, p = .21) and sleep duration variability (r = 0.56, p = .08). 
Avoidance maintained this moderate association with TDEE variability and sleep 
duration variability while adjusting for sex, body weight and medication status. 
Significant positive associations between arousal symptomology (cluster E) and TDEE (r 
= 0.63, p < .05) and MVPA (r = 0.74, p < .01) were seen when controlling for 
medication. A moderate positive association was also seen with arousal and MVPA (r = 
0.42, p = .22) when controlling for body weight.  Lastly, PTSD symptom severity above 
and below the cut-off score of 25 was correlated with all outcomes to explore any 
additional interactions. Correlations with cut-off score and TDEE (r = 0.40, p = .25), 
sleep duration (r = 0.46, p = .18) and MVPA (r = 0.35, p = .32) revealed moderate 
associations while controlling for medication although negatively associated with step 
count (r = -0.35, p = .32). 
 Medication Status and Physical Activity. The strong positive association of 
symptom severity with MVPA, sleep duration and sedentary time, adjusting for 
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medication, was explored further. Viewing medication as a mediator, the members of this 
study were stratified into three groups. PCL-5 total scores < 25 were considered 
subclinical or partial (n=4) and scores ≥ 25 with greater symptom severity were split into 
two groups based on medication status (Table 3.5). Subjects currently on prescribed 
medication spent 32 minutes in MVPA, 5.6 hours sleeping and 16 hours sedentary on 
average each day. However, subjects off medication spent 2.7 hours in MVPA, 7.2 hours 
sleeping and 14.3 hours sedentary (Figure 3.1).  
 Posttraumatic Growth. Bivariate correlations among PTG total scores in Table 
3.6 revealed a significant and inverse association with sleep duration and a moderate 
association with PCL-5 scores.  Adjusting for medication, PTG was seen to have a 
moderate association with MVPA after controlling for medication and step count whereas 
unadjusted correlations were inversely related. Among those reporting greater symptom 
severity receiving pharmacotherapy, PTG scores were highest (Range: 21-40) while 
PALMS scores were the lowest (Range: 64-121). PCL-5 scores ≥ 25 and not taking 
medication reported the highest PALMS scores (Range: 134-139) and lower levels of 
PTG (Range: 15-36). Cronbach’s α = .90, .84 and .91 for PCL-5, PTGI-SF and PALMS 
inventories respectively. Figure 3.1 shows average daily MVPA among each group as 
measured by the SWA for a 5-day period. On average, those currently taking medication 
did not achieve recommended levels of daily MVPA on 2-of-5 days. All other 
participants achieved sufficient levels of MVPA on average during the week. Those 
reporting greater symptom severity in Figure 3.2, demonstrated comparable steps/day 
throughout the 5-day period with respect to those demonstrating minor to no PTSD 
symptoms. 
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Table 3.4 Pearson product-moment correlations and first-order partial correlations of PCL-5 severity and SWA activity. 
  TDEE   Sleep Duration   Sedentary   Step Count   MVPA 
(n=10)  r rb rm CV  r rb rm CV  r rb rm CV  r rb rm CV  r rb rm CV 
PCL-5                          
Total score  . 01 -.06 .54 -.30  .12 .03 .39 .23  .07 -.10 -.04 -.04  -.45 -.37 -.20 -.25  .02 .13 .55 .13 
Intrusions (µ)  -.16 -.26 .56 -.24  -.10 -.25 .24 .21  .18 -.00 .05 -.07  -.52 -.42 -.14 -.22  -.19 -.08 .50 .26 
Avoidance (µ)  -.27 -.34 .07 -.43  -.15 -.25 .03 .56  .30 .23 .24 -.31  -.56 -.55 -.38 -.30  -.16 -.09 .24 .25 
Neg. mood cognition (µ)  .04 -.05 .50 -.33  .29 .18 .54 .35  .18 -.02 .10 -.08  -.51 -.38 -.34 -.04  -.06 .09 .35 .30 
Arousal (µ)  .28 .27 .63 -.33  .22 .20 .35 .14  -.29 -.39 -.36 .19  -.12 -.10 .05 -.40  .37 .42 .75* -.26 
PCL-5 Stratified scores                          
(cut point ≤ 25)  .14 .07 . 40 -.15  .34 .25 .46 .10  .17 -.08 .13 -.16  -.40 -.27 -.35 .06  .10 .25 .35 .19 
Partial correlations rb and rm controlling for body weight and medication, respectively; PCL-5, Psychometric properties of PTSD Checklist for DSM-V; 
TDEE, Total Daily Energy Expenditure; MVPA, Moderate-to-Vigorous Physical Activity; CV, Coefficient of Variation 
* p < 0.05.
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Table 3.5 Descriptive statistics among participants stratified by symptom severity and 
medication status. 
 Total (n=10)  PCL-5 < 25 
(n=4) 
 PCL-5 ≥ 25 
(n=3) 
 PCL-5 ≥ 25 on 
medication (n=3) 
 Mean CV  Mean CV  Mean CV  Mean CV 
MVPA 95 .68  91 .36  164 .29  32 1.34 
Step count 7284 .46  8828 .37  8365 .28  4143 .71 
Sedentary 903 .22  889 .20  863 .36  962 .14 
Sleep Duration 380 .20  371 .24  434 .11  337 .20 
TDEE 2962 .16  2990 .09  3387 .16  2500 .04 
PTGI Score 23 .51  16.5 .71  23 .48  32 .31 
PALMS Score 114 .26  117 .25  137 .02  88 .33 
SWA, SenseWear Armband; TDEE, Total Daily Energy Expenditure (kcal); MVPA, Moderate-to-Vigorous 
Physical Activity; PTGI, posttraumatic growth inventory; PALMS, Physical Activity and Leisure 
Motivation Scale; CV, Coefficient of Variation 
 
 Longer durations spent in sedentary time were seen during weekdays among those 
with higher PCL-5 scores, but observed to be especially high among Veterans on 
medication (Figure 3.3).  
 
Table 3.6 Pearson product-moment correlations of posttraumatic growth with measures 
of SWA activity and symptom severity. 
(n=10) TDEE  Sleep Duration  Sedentary  Step Count  MVPA  PCL-5  
 r rm  r rm  r rm  r rm  r rm  r rm  
PTGI   . 
 
  
 
  
 
  
 
  
 
   
Total Score -.24 16 -.69* -.62 -.14 -.29 -.12 .31 -.03 .49 .44 .25  
SWA, SenseWear Armband; TDEE, Total Daily Energy Expenditure; MVPA, Moderate-to-Vigorous 
Physical Activity; PTGI, Posttraumatic Growth Inventory; first-order partial correlation controlling for 
medication (rm) 
* p < 0.05 	
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Figure 3.1 average daily times in moderate-to-vigorous physical activity (MVPA) as 
recorded by the SWA; Subjects contributing to these averages were stratified by PCL-5 
cut-point and by current medication status. 
 
 
Figure 3.2 Average daily steps as recorded by the SWA; Subjects contributing to these 
averages were stratified by PCL-5 cut-point and by current medication status. 
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Figure 3.3 Average daily times spent in sedentary behavior as recorded by the SWA; 
Subjects contributing to these averages were stratified by PCL-5 cut-point and by current 
medication status. 
 
3.4 DISCUSSION 
 In the present paper we have discussed the importance of employing wearable 
monitors to reliably appraise potential correlates of PA in individuals with PTSD. Ten 
trauma-exposed combat Veterans were monitored for a period of 7-days to assess 
voluntary activity levels during free-living conditions. Qualitative surveys regarding 
personal motives for participating in PA and positive psychological changes as a result of 
prior trauma-exposure were explored in connection with activity. Evidence from this 
mixed methods approach arguably provided useful direction for the staging of future 
study interventions regarding current pharmacotherapy status and trends in PA for this 
population. Assumptions regarding PTG and motives for PA may also offer significant 
utility in the development of strategies for adhering to a physically active lifestyle. 
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Exceptional study compliance among this outpatient sample allowed us to underline four 
key findings that deserve further consideration.  
 Firstly, Veterans currently taking medication (i.e., antidepressants) and report 
greater severity of PTSD symptomology, display inferior levels of PA as compared to 
their counterparts in this sample. Current first line monotherapeutic strategies for PTSD 
include strong recommendations for the use of antidepressants such as selective serotonin 
reuptake inhibitors (SSRIs) [66].  The Clinical Practice Guidelines for Posttraumatic Stress 
Disorder recommend against atypical antipsychotic use for the monotherapeutic 
management of PTSD and were therefore held within exclusion criteria. Antipsychotics 
are known produce deleterious effects among patients with psychiatric disorders, such as 
weight gain and metabolic disturbances [67]. Even so, study participants currently on 
SSRIs exhibited similar body weight characteristics. Our results highlight a number of 
risk factors attributed cardiovascular disease and metabolic health commonly seen in 
Veterans with PTSD (e.g., BMI, sedentary time, inactivity). SMI status alone is generally 
connected to greater risk for mortality and lower levels of PA than the general population 
[68]. More specifically, PTSD has been attributed to poor functional status, impaired 
physical performance and less walking behavior [16, 50]. The strong inverse association 
between medication and outcomes of PA for subjects with higher PCL-5 scores (≥ 25) 
suggests a greater potential for functional impairment and individual distress for this 
group.  PCL-5 scores maintained a moderate inverse association with step count even 
when controlling for body weight and gender. PCL-5 symptoms clusters each shared this 
same moderate inverse association with step count (Table 3.4). The strength of these 
associations was reduced after controlling for medication revealing prescription status as 
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a potential mediator. Again adjusting for medication, MVPA was only then observed to 
have a strong positive association with total PCL-5 scores. As expected, this association 
was seen in proportion to estimated caloric expenditure demonstrating the consistency of 
increased activity on TDEE (r2 =.85). Overall, this would indicate higher levels of MVPA 
observed among those with greater symptom severity adjusting for medication in this 
sample. This evidence is fittingly compatible with a set of previously proposed 
hypotheses implicating SSRIs as agents that may reduce the likelihood of engaging in PA 
via executive dysfunction [69]. 
 Secondly, participants of this study who were not on any pharmacological 
treatments on average exceeded recommended levels of daily PA, despite displaying few 
steps/day on average than those indicating lesser symptom severity and significant 
sedentary time. Most participants of this study did not meet recommendations for 10,000 
steps/day, especially participants taking medication.  Among healthy populations, the 
relationship between steps/day and sedentary time is inverse and moderate [70]. Sedentary 
behavior was remarkably high in this sample. The association with steps/day was strong 
and inversely (r2 = .68) related for this sample and also held true for MVPA and time in 
sedentary behavior (r2 = .43). Risk of mortality is not lessened among those who 
experience significant psychological distress and participate in high levels of MVPA (> 7 
hours/wk) yet spend 7 hours/day in sedentary behavior [71].  These data underline the 
importance of uncovering correlates of cognitive, social and environmental barriers 
among this population to reduce time in sedentary activity.   
 Thirdly, in an effort to explain higher levels of MVPA among those with greater 
symptom severity, data were stratified into three groups after first order partial 
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correlations (Table 3.5). It was hypothesized that individuals who reported greater PTSD 
severity, but displayed at least moderate levels of PTG and/or higher PALMS scores, 
would exhibit better outcome measures of activity than those with lower PCL-5 scores. 
Stronger levels of intrinsic and mind-body motivation, as measured by the PALMS, were 
seen among those with higher levels of MVPA and step count. PTG levels also exhibited 
moderating characteristics, which may offer predictive value in relation to symptom 
severity. If PTG is interpreted as having a curvilinear relationship with symptom severity 
[53],  levels of PA may correlate similarly using a similar model. If so, it would be 
interesting to see if and how PTG influences individual perceptions about adequate levels 
of PA or constructs contained within the Health Belief Model. 
 Our last key finding points to the association between sleep duration and the 
arousal cluster of PTSD symptomology. Subjects with higher PCL-5 scores currently on 
pharmacotherapy demonstrated lower average sleep duration than those of equivalent 
symptom severity not taking medication, 5.5 ± 1.1 hours and 7.2 ± .8 hours respectively. 
Incidentally, this group (PCL ≥ 25 off medication) had greater levels of MVPA and 
comparable sleep duration as compared to those experiencing few to no symptoms, yet 
arousal among this sample revealed a significant positive association with PTSD severity. 
A previous study (n=108) with similar direction identified an inverse association between 
self-reported vigorous-intensity PA and arousal symptomology, despite low severity 
scores employing a DSM-IV diagnostic scale [19]. Previous research has also shown that 
individuals with high psychological distress are susceptible to sleeping less than six hours 
or sleeping greater than nine hours each night [72]. Those perceived to have a favorable 
health status in this study were seen to experience lower levels of psychological stress, 
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were of normal BMI and commonly seen to sleep between 7-8 hours. PCL-5 scores and 
arousal symptomology demonstrated positive associations with sleep in our current study, 
inconsistent with previous literature demonstrating reductions in arousal symptomology 
among inpatients with PTSD after a cycling intervention [73]. Further attention to this 
distinction is worth pursuing with objective monitoring among inpatient and outpatient 
samples to define and interpret the therapeutic effects of exercise at various intensities. 
 Strengths. Study compliance to activity monitoring among this outpatient sample 
was remarkably high, as opposed to unfavorable rates seen in inpatient populations [17]. 
Regarding study flow, validated versions of short form inventories were selected 
purposefully wherever possible to ensure readability and increase retention. The 
estimated reliability of test scores reported in this study were good to excellent as 
indicated by Cronbach’s α (≥ .84). Requests to adhere to pre-study routines of PA were 
followed as supported by PALMS and self-rated PA. There were no losses to report in 
terms of activity monitors. All together, future studies aiming to objectively monitor PA 
among outpatient trauma-exposed Veterans should be feasible using well-established 
protocols.  
 Limitations. Results from this study should be interpreted in consideration of 
several limitations. The power of this study to show significant effects was low and has 
not sufficiently satisfied previous calls for objectively measured activity among this 
sample population. Future studies should be repeated with larger sample sizes to cross-
validate PTG and motives for participating in PA as moderator variables.  Our data are 
cross-sectional, so it is impossible to determine whether any observed cognitive 
dysfunctions represent causality among the correlates. Another limitation to report is the 
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lack of a control group. It is important to distinguish whether prior military training could 
account for the high levels of MVPA and motivation seen among those with PCL-5 
scores greater than 25 not on medication. Although participants were screened for 
conditions such as depression and musculoskeletal limitations, a formal comorbidity 
index is recommended to promote full disclosure and account for any overlapping 
symptoms. 
 Future studies. Prospective studies pre and post-intervention are needed to 
adequately develop and stage programs for trauma-exposed combat Veterans.  Given the 
high prevalence of walking as the only form of PA among those with SMI, parameters 
such as cadence should be observed. Such details would provide a more accurate 
reflection of activity to better understand dose-response parameters. The moderate and 
positive relationship between avoidance symptomology with most outcomes of activity is 
worth mentioning. These associations could be interpreted as potential markers of 
participant reactivity or altered behavior toward demand characteristics of study 
participation. Therefore, extended periods of observation greater than 7 days are 
recommended. Moreover, because of the moderate and reciprocal associations of 
avoidance with step count and MVPA variability, it would be worthwhile to determine if 
measures of behavioral inhibition, or the tendency to withdraw from novel or unfamiliar 
social or non-social situations, correlate well with PA. Behavioral inhibition has been 
shown to have a positive association with PTSD severity [74]. A fundamental self-
awareness of PA behavior, facilitated by activity monitors or social stimulation via 
programs, is suggested to influence health outcomes [75], and therapeutic responses can be 
non-specific [76]. Trauma-exposed combat Veterans may benefit from programs that issue 
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wearable technologies periodically as part treatment to evaluate and encourage positive 
behavioral changes.  
 To create a formidable exercise intervention for trauma-exposed individuals 
experiencing psychological distress, further investigation into the neurophysiology and 
behavior underlying motives for regular exercise or contradictory lifestyle behaviors are 
needed. Although qualitative research involving psychosocial constructs, such as self-
determination, have been conducted in relation to PA levels among SMI populations [33, 
44, 52], the concurrent use of objective measures have been scarce. Lack of social support 
appears to be one of several important risk factors that hinder adherence to exercise. The 
affiliation sub-scale of the PALMS demonstrated a moderate correlation with MVPA 
among this population, as did PTG. Qualitative research may find utility for the PTGI-SF 
and PALMS to identify positive psychosocial factors in trauma-exposed combat 
Veterans. Findings may illustrate the manner in which some individuals with PTSD 
desire to live their lives and how that may relate to habitual exercise.  
 Conclusion. This exploratory analysis was the first to examine associations 
between objective measures of PA and PTSD symptomology, as outlined by the DSM-V, 
among outpatient trauma-exposed combat Veterans. This preliminary study has 
demonstrated the feasibility of assessing activity levels among this high interest 
population as supported by study compliance and the application of reproducible 
methodology. Using a mixed-methods approach, objective and meaningful data 
concurrent to symptom severity has uncovered a few considerations that should be 
investigated in larger scale studies. Despite our small sample, medication was seen to 
negatively impact outcome measures of PA. Moreover, results from this study exhibit 
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some alignment with our hypothesis suggesting PTG and motives for participation in PA 
may have predictive value. Understanding the relationship between PTG and PA among 
Veterans with PTSD still needs further investigation. Despite the positive outlook newly 
acquired as a result of trauma-exposure, the relationship between PTG and PTSD in 
combat Veterans is not linear. Nevertheless, PTG may speak to important qualitative 
information that may be used to develop strategies for promoting positive lifestyle 
changes. Results from this study should serve as a foundation for examining psychiatric 
distress as a barrier to PA in order to develop formidable approaches toward exercise 
adoption and adherence.
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